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6 place during normal production conditions. Management practices were assessed by means of a 119 detailed questionnaire submitted to all participants. 120
From July 2015 to November 2016, a total of 24 food processing facilities from seven food 121 sectors (cooked meat, horticultural products, sandwich, baked goods, salads, seafood and dairy 122
[ Table 1 ]) were analysed bimonthly for the presence of L. monocytogenes. All of these food 123 processing facilities produced RTE food products, and were distributed throughout Northern Ireland 124 (NI). Sampling packs, which consisted of a polystyrene box (DS Smith, UK) containing six pre-125 moistened 3M sponge-stick swabs (Technopath, Ireland), a sterile liquid container (VWR, Ireland), 126 two sterile bags (VWR, Ireland), two cable ties, and two ice packs, were sent to all participating food 127 processing facilities two weeks prior to the assigned sampling date. 128 129
Microbiological analyses 130
All microbiological media were supplied by Oxoid, (Basingstoke, UK), unless otherwise 131 stated. Sampling kits were dispatched to FBOs two weeks before the target sampling date, and 132 samples were sent from FBOs by courier on the day of sampling, to arrive at AFBI the next morning, 133 where they were analysed immediately (less than 24 h after sampling). 
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Limited, Basingstoke, RG22 6HY), and the final count obtained by multiplying the presumptive 144 count by the percentage of confirmed L. monocytogenes colonies. For swabs, 90 ml of Fraser broth 145 base with half strength supplements was added to the swab in the bag in which it was transported to 146 the laboratory, followed by incubation and sub-culture as described above. 147 148
Pulsed field gel electrophoresis 149
The PFGE analysis was carried out using the International Standard PulseNet protocol 150 (PulseNetUSA, 2013) . Listeria monocytogenes isolates were grown overnight in Brain Hearth 151
Infusion (BHI) agar at 37°C, subsequently a suspension in 10 mM Tris:1 mM EDTA buffer, pH 8.0 152 (TE) was prepared with an approximate OD 610 of 1.0. To 400 µL of cell suspension was added 20 153 mg/ml of Lysozyme which was incubated at 55°C for 20 min. After incubation, 20 µl of Proteinase K 154 stock (20mg/ml) was added, followed by 400 µl of SeaKem Gold agarose 1%. Plugs were prepared 155 by dispensing the mix into plug moulds. Solid plugs were then lysed for 2 h in 5 ml of cell lysis 156 buffer (50mM Tris, 50mMEDTA, pH8.0 + 1% Sarcosyl) supplemented with 25 µl of 20 mg/ml 157 proteinase K solution. The plugs were then washed twice in distilled water and four times in TE 158 buffer. 159 DNA was digested with 10 U/µl of the restriction enzyme AscI FastDigest (Fisher Scientific, 160 Ireland) and 50 U/µl of the restriction enzyme ApaI FastDigest (Fisher Scientific, Ireland); the 161 restricted DNA was run in a 1% SeaKem Gold agarose gel for 21 h as described in the PulseNet 162 protocol, on a CHEF-DR III (Bio-Rad). After staining with 1 µg/ml ethidium bromide solution, the 163 gels were observed with the Alpha Imager (Alpha Innotech, DE). Analysis of the gels was performed 164 with BioNumerics v7.0 software (Applied Maths) using and UPGMA (unweighted pair group 165 method with averages) and the Pearson coefficient with 1% tolerance. The isolates were analysed by pulsed field gel electrophoresis (PFGE); two isolates that were 222 not recoverable were not included in the PFGE analysis, leaving PFGE analysis on 94 isolates. A 223 total of 27 distinguishable pulsotypes were identified, based on > 90% similarity. there were 10 with a single isolate and 8 with more than 4 isolates. Nine of the pulsotypes had 230
isolates from more than one food sector, indicating possible cross contamination between food 231 sectors (Table 3 gives more detail on pulsotypes shared across food sectors). 232
For each of the companies which were positive for L. monocytogenes, Table 3 shows the 233 number of pulsotypes, number of persistent pulsotypes and the number of pulsotypes shared between 234 different food sectors (widespread pulsotype). A persistent pulsotype was defined as repeated 235 identification of an isolate of the same pulsotype over a period longer than 6 months. Of the 27 236 pulsotypes identified, 21 of these were identified in 3 of the companies tested. This shows the 237 diversity of the isolates obtained, but also shows a degree of similarity in the isolates from the 238 different companies (Figure 2 ). 239
Persistent pulsotypes were identified at 6 of the 12 facilities. Of the 27 pulsotypes, 9 were 240 persistent. Five pulsotypes showed a cross-contamination scenario in 3 of the companies, where 241 indistinguishable pulsotypes were found on food and in the processing environment. 242
The PFGE profiles obtained in this study were compared with a database of strain PFGE 243 profiles obtained in a similar study in the RoI. There were no similarities at the level of >90% 244 between the isolates from this study and isolates obtained previously. 245
Comparison between the pulsotypes obtained in this study and about 2,500 PFGE profiles in a 246 database of international isolates at Teagasc, Moorepark, Ireland, showed that of the 27 pulsotypes 247 obtained in this study, 10 were comparable with international isolates. These included similarities 248 with strains from Ireland, Austria, Romania, Czech Republic, Turkey and Australia (data not shown). 249
Seven of the pulsotypes from the current project were >90% similar to mushroom production chain 250
isolates from a project in the RoI . equivalent to approximately 1,000-fold growth, in seven days or less. This corresponded to growth 266 from 1 cell per 10 g of food to the limit of 100 cfu/g, and was intended to be a parameter 267 comprehensible to the FBOs (data not shown). At 4°C, growth predictions showed that none of the 268 foods supported 10 generations of growth in one week. However, at 6°C growth could exceed this 269 target in 55.0% of the foods, and at 8°C this rose to 77.5% of the foods. 270 271
Whole genome sequencing of the isolates 272
All of the L. monocytogenes isolates were subjected to WGS and 91 sequences were obtained; 273 the quality of the DNA did not allow WGS to be completed for 5 strains. The genome sequences 274
were then analysed for the presence of four virulence-associated genes: internalin A, inlA; actin 275 assembly protein, actA; Listeria pathogenicity island 3, LIPI-3 and Listeria pathogenicity island 4, 276 LIPI-4.Three genes indicative of stress tolerance were also studied; stress survival islet, SSI-1; 277 a resistance cassette, which contributes to resistance to quaternary ammonium compounds, bcrABC; 278 and the quaternary ammonium compound-resistance gene, qacH (Fox, Figure 1) , and in nine FBOs some MLSTs were isolated on more than one 284 occasion (Table 4) . of 4 horticultural product production facilities, 2 of 3 meat companies, 1 of 2 baked goods companies 303 and 1 of 1 seafood company. It should be noted that two samples of meat products sampled prior to 304 distribution were found to exceed 100 cfu/g, and were therefore not fit for sale. In these cases, the 305 FBOs were informed and appropriate action was taken. All other food samples (n=393) had <100 306 cfu/g. In this study, sandwiches had significant Listeria contamination The overall occurrence in food and in the processing environment was 4.6% and 6.3%, 310
respectively. Comparing the results with other published surveys is not applicable as, 1) different 311 methodologies (for sampling and analysis) are frequently used, 2) in many surveys, one facility is The results of the project show the diversity of the isolates obtained (Figure 1 ), but also 343 shows a degree of similarity in the isolates from the different companies (Figure 2 ). For example, the 344 PFGE profile of an isolate from the floor in front of a sink at one facility was >90% similar to a food 345 isolate from the same facility and isolates from processing environment and food samples from other 346 facilities (Figure 2 ). Further studies analysing the WGS data in more detail may help to resolve this 347 issue and determine how similar the isolates are. reported that eight of the nine most common MLSTs isolated during this study were also found as 414 clinical isolates. However, based on a study of fifteen ST204 isolates, this MLST was reported as 415 being mainly an environmental isolate (Fox et al., 2016) . It should be noted that not all isolates with a 416
given MLST are genetically identical. For example, 86% of the ST204 isolates carried the qacH 417 gene, and were therefore different from the 14% which did not carry it. 418
Overall, most of the isolates for which WGS data was obtained (71%) carried the qacH gene, 419 which confers resistance to quaternary ammonium salts, the basis of many sanitizers used in the food 420 industry (Sidhu, Sørum, & Holck, 2004) . The high rate of carriage of qacH by ST204 isolates found 421 in this study contrasts with its absence in the 15 isolates described in the report of Fox et al. (2016) , 422 and may reflect selection for this property in food processing environments. Resistance to quaternary 423 ammonium salts may also be a contributory factor to the high prevalence of this MLST found in this 424
study. 425
Study of the WGS data showed that all of the isolates obtained carried the virulence genes 426 inlA and actA (Fox et al., 2016) . However, determining the true pathogenic abilities of the isolates 427 was beyond the scope of this study; further work on the WGS data and on invasion assays would be 428 required to further investigate pathogenic properties of the isolates (Chen et al., 2016) . 429
Overall, the results obtained showed that most participating FBOs can produce RTE food free 430 from L. monocytogenes, and many were able to keep their production facility free from this pathogen. 431
Hence, most FBOs appear to have determined effective control strategies and practical interventions. 432
However, WGS data suggests some FBOs have persistent strains, and that many of the isolates could 433 be potential pathogens. Therefore, there is a need for FBOs to continually assess control strategies 434 and practical interventions for the exclusion of L. monocytogenes. 
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• No Listeria monocytogenes were detected at 50% of the food processing facilities sampled
• At 4°C none of the foods tested were predicted to support growth of Listeria monocytogenes
• There were 27 distinguishable pulsotypes in the 96 isolates tested
• Sequence types detected can cause listeriosis
